SUMMARY-The growth and metastasis of transplanted Lewis lung carcinoma in C57BL/6J mice were inhibited by an ip injection of whole serum from Carcharhinus p!umbeus, the sandbar shark. Tumors failed to develop in 69% of the animals inoculated with shark serum on days 0, 3, and 6 after tumor transplantation. Histologie examination of the tumor site at days 3 and 6 showed that tumor cells were pyknotic, and evidence of lysis of tumor eells and minor leukocytic infiltration existed. Tumor eells were not in tissue sections from day 15, and these animals still had no symptoms at day 216. The mean tumor volume of the remaining 31 % of the treated animals was less than that of controls; they had a prolonged mean survival time, but ultimately they died from metastases, as did the controls. Urea-and hemoglobin-treated animals and those pretreated or intralesionally treated with shark serum were similar to the eontrols in both tumor kinetics and survival times.-J Natl Cancer Inst 56: 981-984, 1976. Extracts of numerous marine invertebrates and vertebrates possess antineoplastic activity in experimental animal systems (1). These inc1ude extracts of whole animals (2) as weIl as specific organs such as the livers of clams (3) or sharks (4). Some, such as the mollusk paolins, also possess antimicrobial (5) and anti viral (6) activity, but are frequently toxic to the host. The antineoplastic acti vity of various agen ts of marine origin such as mercenene (7), the paolins (3), halitoxin (8), and restim (4) appear to be mediated by differing mechanisms. These include cytotoxic inhibition of tumor growth in vitro and in vivo (3~7~8) as weIl as tumor inhibition through stimulation of the host reticuloendothe1ial system (4~9) or lymphoid tissue (10). Here we present evidence that whole serum from the sandbar shark. Carcharhinus plumbeus, inhibits transplanted tumor cells. Both direct cytotoxicity and the lymphoreticular system appear to be involved in the production of the antineoplastic effect.
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MATERIALS AND METHODS
Sandbar sharks (11) were caught in the Chesapeake Bay. Shark blood was collected by cardiac puncture and stored on ice (12) . The blood samples were centrifuged at 600 X g for 15 minutes, then the serum was decanted into 5-ml vials and stored at -80°C until used. Total protein content of the shark serum was determined by methods described by Layne (13) . Treatment was the 0.5-ml injection of undiluted shark serum into tumorbearing mice at various intervals and by different routes.
We used male C57BL/6J mice (The Jackson Laboratory, Bar Harbor, Mairie) 10-12 weeks of age and weighing about 18 g at the beginning of each experiment.
The Lewis lung carcinoma, syngeneic in these mice (14) , was used as the target tumor. Tumor cell suspensions were prepared by the disaggregation of I-mme pieces of solid tumor in 0.25% trypsin in 0.02% EDTA for 1 hour at 20°C. The cells were then washed in Eagle's minimum essential medium (MEM) and suspended at a concentration of 1 X 10 6 cells/rnl in MEM with Earle's balanced salt solution, twice the essential amino acids, vitamins, 100 U penicillinyrnl, 100 p.g streptomycin / ml, and 20% heat-inactivated fetal bovine serum. Individual animals were inoculated sc with O.! ml (5 X 10 5 ceIls) of this suspension.
The mice were divided into six groups of 25 animal: each: 1) ip inoculation of tumor-hearing mice with nor mal saline; 2) "pretreatment" by ip injection with sharl serum on days -9, -6, -3, 0, 3, and 6; 3) "post treat ment" by ip injection with shark serum on days 0, 3 and 6; 4) treatment with a single intralesional injectior of shark serum on day 10; 5) ip inoculation with urez (0.5 ml, 900 milliosmoles) on days 0,3, and 6; and 6: ip~inoculation iwith l hemogloolfl \~;-~r:of (10%; s~arl hemoglobin) on days 0, 3, and 6. All animals were gIver tumor cells sc on their right hips on day O.
Each animal was examined twice weekly for a palpable tumor; the smallest detectable tumor was about 3.2 mm' (2-mm diameter). Tumor volumes were ca1culated by the formula of Attia and Weiss (15): volume e Ozl/ab") where a and bare two perpendicular tumor diameten and b is the sm aller.
Two mice from each group were killed and tissue: were removed for histopathologic examination on day: 1, 3, 6, and 15 after transplantation. The principal tis sues taken were the subcutaneous tumor, contralatera and ipsilateral lymph nodes, and lung. They were fixec in Bouin's solution and handled by standard preparative and staining techniques for light microscopy. Addition aIly, normal animals were autopsied and tissues wen compared with the experimental groups. Remaining ani. mals were used to determine the me an survival time (MST) in each group; they were autopsied at death and examined for metastases.
RESULTS AND DISCUSSION
The development of solid tumors or their metastases were inhibited in mice inoculated ip with whole shark serum on days 0, 3, and 6 after the sc transplantation ol 5 X 10 5 tumor cells. A 100% tumor incidence occurred in the saline-treated group, whereas only a 31% incidence occurred in the posttreated group. Tumor incidence (77-100%) in all the other treatment groups (pretreatment, 77%; intralesional shark serum, 86%; urea iso tonic to shark serum, 100%; and shark hemoglobin, 90%) was similar to that in the saline-treated controls. The appear· ance of tumors did not seem to be delayed in any of these treatrnent groups; most were noted by day 17.
One-way analysis of variance indicated differences in the MST of the various groups at P<0.08. All groups were then compared to the saline-treated controls with Dunnett's z-test: only the posttreated group was significantly different from the controls at P<0.05. The 31% of the posttreated group that developed tumors survived 42.0±2.6 days, compared to 31. has not yet been tested by surgical excision of the primary carcinoma at early serial intervals. The MTV of the pretreated and intralesionally treated groups were similar to the MTV of the saline-treated controls. The pretreatment period was probably long enough to allow development of neutralizing antibodies to the shark serum; this subsequently abrogated the therapeutic effect of treatment after tumor transplantation.
The MTV of the saline-treated control and posttreated groups are compared in text-figure 1. All animals in both groups are included in this figure, but the tumor incidence was 31% in the posttreated mice com pared to 100% in the saline-treated controls. Text-figure 2 is a reconsideration of these same data, but it includes only animals whose tumors progressed. Treatment was beneficial for these animals in that their MTV were decreased and their MST was prolonged. However, the course of their disease proceeded through aseries of events, including pulmonary metastasis, that were similar to the disease process in the saline-treated controls but somewhat delayed. This similarity suggests that the therapeutic event was principally associated with the treatment period and indicates a further need for dose-response studies.
The histologic appearance of the sc transplanted Lewis lung carcinoma in saline-treated controls is compared with those treated with shark serum after tumor transplantation in figures 1 and 2. The control tumor ( fig. 1 ) consisted of asolid mass of large cells with nuclei that had peripherally dispersed heterochromatin and prominent, frequently multiple nucleoli. Numerous mitotic figures were also present. Conversely, in theanimals posttreated with shark serum, most tumor cells appeared pyknotic ( fig. 2A) I  I  I  I  I  I  I  I  I  I  I 15 10 o treated controls. Of the 69% that did not develop tumors, all were alive at day 216 and apparently normal. These animaIs were rechallenged with 5 X 10 5 Lewis Iung carcinoma cells on day 216 and were found not to possess systemic anti tumor immunity. This lauer result probably reflects the extremely low immunogenicity of this carcinoma as weIl as the protracted nature of the intervening period between treatment and rechallenge, which represented perhaps 25-30% of the life-spans of the mice.
The mean tumor volumes (MTV) of the various treatment groups are compared in text-figure 1. At most intervals, the MTV of all but the posttreated group were within the standard error of the saline-treated controls. A peak in the MTV of the saline-treated controls occurred on day 28. This peak was followed by a decline that resulted from the deaths of animals bearing the larger tumors. Their maximum MTV was 22.3 cm-at day 28, whereas that of posttreated animals was 3.0 crn" on day 28. Of the other treatment groups, tumors of the urea-and hemoglobin-treated mice continued to enlarge throughout the experiment. Continued enlargement might have resulted from delayed metastasis which allowed animals with the larger subcutaneous tumors to survive longer than the saline-treated controls. However, lymphocytes and some histiocytes, but very few neutrophils. Postmortem examinations of animals that were posttreated with shark serum and whose tumors progressed revealed that the tissues were similar microscopically to the controls. Pulmonary metastasis was a prominent feature in these animals.
The total protein content of the shark serum was 3.10 g/100 ml, which is comparable to reported values for C. leucas (16) , a closely related species. Clem et al. (17) and Sigel and Fugmann (19) showed that IgM antibody is the principal serum immunoprotein of sharks and that it is cytotoxic to various tumor cells in vitro. Studies involving fractionation of shark serum will be important sequels to the experiments reported here. In preliminary experiments, whole shark serum, but not heat-inactivated, destroyed Lewis lung carcinoma cells in vitro when the serum was diluted with media to concentrations as low as 5 ,JA.! whole serum in a 0.3-ml volume. Additionally, since the tumors of some posttreated animals progressed until the host died, but at a slower rate than the tumors in the controls, we conc1uded that the therapeutic event was limited to the treatment period. These points indicate a direct cytotoxic effect against the carcinoma. However, cells of the lymphoreticular system were observed in the tumors of posttreated animals. Thus one cannot now postulate a specific mechanism of inhibition, though both direct cytotoxicity and the lymphoreticular system appear to be involved.
